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Estimative Current Mode Control Technique
for DC–DC Converters Operating in
Discontinuous Conduction Mode
M. Ferdowsi, Student Member, IEEE, and A. Emadi, Senior Member, IEEE

Abstract—A new control technique for dc–dc converters is introduced and applied to a boost converter operating in discontinuous conduction mode (DCM). In contrast to conventional control
methods, the principal idea of the proposed control scheme is to
obtain samples of the required signals and estimate the required
switch-on time. The proposed technique is applicable to any converter operating in DCM, including power factor correctors (PFC),
however, this letter mainly focuses on boost topology. In this letter,
the main mathematical concept of a new control algorithm is introduced, as well as the robustness investigation of the proposed
method with simulation and experimental results.
Index Terms—Boost converter, dc–dc power converters, discontinuous conduction mode, power factor correction, switched-mode
power supplies.

Fig. 1. Boost converter.

The proposed control technique is robust against variations of
the circuit parameters and enjoys a very fast dynamic response.
Furthermore, it can easily be programmed in a digital signal processor with other required functions, such as a voltage compensator or PFC controller.

I. INTRODUCTION

S

WITCHED-MODE power converters have been employed
to correct poor power factor and reduce high harmonic current contents [1], [2]. Boost topology operating in either continuous, or discontinuous conduction mode (CCM or DCM), is one
of the most popular topologies for active power-factor correction [3], [4]. In low-power applications, DCM control is a better
choice since it reduces the circuit complexity. The boost converter for improving power quality is used as a preregulator and
is mostly controlled using a voltage-follower approach while
operating in DCM. The ontime duty ratio of the switch is controlled by the output voltage error signal. Because of the automatic current-shaping characteristic of the boost topology, this
control method improves the power quality. However, the dynamic response of the converter is very slow.
This letter proposes a new current mode control algorithm
for converters operating in DCM. This method is applicable in
power factor correctors (PFC), where more precision in power
factor correction and faster dynamic response are required, compared to automatic current shapers. The basic idea of this control
scheme is to estimate the required value of the duty ratio based
on the measured samples of the voltage signals in order to make
the average value of the inductor current track the input control signal. This control scheme operates in a fixed frequency.

II. ESTIMATIVE CURRENT MODE CONTROL
Fig. 1 depicts the circuit diagram of a step-up boost converter.
The typical waveforms of the current passing through the inductor and the diode during a single switching period while operating in DCM are shown in Fig. 2.
Assuming that the frequency of the ac ripple of input voltage
is much less than the switching frequency and the output
voltage is fairly constant, we can write
(1)
(2)
where
, and
is the
switching period. Current passing through the diode,
, is
being filtered and delivered to the load, thus, the average value
of the diode current is indeed load current . By combining (1)
and (2), using the definition of
and
, the average value of
the diode current in one switching interval can be obtained
(3)
The solution for

yields
(4)
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This formula is used as a new method to estimate the required
switch-on time duration in a way that the average current of the
diode follows the desired current command signal (CCS). The
CCS could be
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Fig. 2. Typical current waveforms of (a) inductor and (b) diode operating in DCM.

in each period. Therefore, the accuracy of the calculations depends on the accuracy of the inductor value. As a result, an
error in the estimation of degrades the tracking accuracy of
represents the
the steady-state response of the converter. If
error in the numeric value of , applying
in (4) yields
(5)
Rearranging the terms in (5) leads us to
Fig. 3.

Block diagram of the digital current controller.

1) output of the voltage compensator circuit, which conducts
the output voltage regulation;
2) output of the load-sharing controller, which tries to
balance the output current of the converters operating in
parallel;
3) output of the power factor corrector, which tempts to generate sinusoidal input current.
Thus, at the beginning of each switching interval, input and
output voltages as well as the current command signal, if it is not
already a digital signal, are being sampled. Then knowing the
dynamic of the converter (4), the controller computes the desired
value of duty cycle . Applying this value of the duty cycle
to the converter makes the average value of the diode current
follow the current command signal. The required mathematical
computations can easily be programmed in a digital signal processor (DSP). Fig. 3 shows the block diagram of the controller.
Based on the specific application, the current command signal
can be obtained using the same DSP, another DSP with a higher
level, or an analog circuit.
Fig. 4(a) and (b) show the simulation results of the transient
response of the converter to the step-down and up-change of the
current command signal. The inductor current is sketched in the
figures, however the estimation is made based on the average
value of the diode current. As can be observed, the inductor current pattern immediately follows the current command changes
in a way that provides the required average current in the diode.
This delay-free tracking characteristic provides a fast dynamic
response.

(6)
The third term in (6) can be interpreted as an error in the current
command signal. So the generated current will be slightly different from the real value of the current command signal. Since
the variation of is slow and basically temperature or age dependent, even a very low-bandwidth voltage-control loop can
easily damp this error to zero. Fig. 5 depicts the simulation results of the response of the boost converter, with its voltage loop
open, if a 25% step error occurs in the assumed value of the in. As we can observe from (6) and the simulation reductor
sults, even applying a 25% instant error has only a slight effect
on the operating point of the converter. Therefore, the control
algorithm is not sensitive to the numeric value of the inductor,
which is the only presumed parameter in (4).
IV. POWER FACTOR CORRECTION
Using this technique we can achieve any current tracking
property that we are interested in, for instance, PFC. In a DCM
PFC application we try to shape the average value of the input
current in a way that it follows the sinusoidal input voltage pattern. Considering the boost converter and its inductor current
waveform (input current) in Fig. 2, we can write
(7)
which is slightly different from the average value of the diode
current obtained in (3). The solution for
yields
(8)

III. ERROR IN INDUCTANCE ESTIMATION
As we can observe from (4), the controller employs the numeric value of inductor to calculate the desired value of duty
cycle . The rest of the variables in (4) are being sampled

In the PFC application,
needs to be proportional to the
rectified input voltage waveform. Thus, we can write
(9)
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Fig. 4. Simulation results of the converter transient response to a step change in the current command signal: (a) step down and (b) step up.

Fig. 5.

Simulation results of the open loop response to a 25% step change of the inductor value.

where gain is determined by the voltage compensator based on
the required output power. In the above equation the full-rectified
sinusoidal input voltage is used as the reference of the inductor
current in such a way that the input current tracks the input

voltage. Fig. 6 depicts the block diagram of the PFC converter.
Fig. 7 shows the simulation results of the input current of the
PFC converter. As can be observed, the average value of the input
current follows the sinusoidal wave shape of the input voltage.
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Fig. 6.

Block diagram of the PFC converter.
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Fig. 9.

Fig. 10.
filter.
Fig. 7.

Inductor current transient response to a step up change in CCS.

Input current of the PFC converter after being filtered by the EMI

Input voltage and current in PFC application.

depict the transient response of the inductor current after a step
change was applied to the current command signal. Fig. 10 depicts the sinusoidal input current of the PFC converter being
filtered by the EMI filter. The experimental results highly agree
with the simulation results and the system has a very fast dynamic response.
VI. CONCLUSION

Fig. 8.

Inductor current transient response to a step down change in CCS.

V. EXPERIMENTAL RESULTS
A TMS320LF2407A digital signal processor has been employed for the experimental implementation of an 80-W boost
converter with a switching frequency of 80 KHz using the new
estimative current mode control. The duty cycle was presented
by an 8-bit binary digit and a look-up table was used to implement the square-root function. In order to cancel limit cycling, the resolution of the ADCs was chosen to be 7-bit, one bit
less than the resolution of the duty cycle. The ADC and computational time delay were measured to be less than one microsecond, or less than 7% of the switching period. Figs. 8 and 9
show the experimental results of the boost converter being controlled with the estimative digital current control. These figures

Both simulation and experimental results showed that the estimative current mode control technique that has been introduced in this report enjoys the following benefits:
1) it has a very fast transient response;
2) it is stable for any value of the duty cycle;
3) it is easy to be implemented by a digital processor;
4) it is not sensitive to the circuit parameter variations.
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